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ABSTRACT  
The lack of basic sanitation and improper pet owner's habits on contaminated environments 
are essential elements for soil-transmitted helmithiasis. The objective herein was to confirm 
beach sands contamination by geohelminths larvae and to construct geospatial scenarios 
combining the factors involved. Sand samples (n=162) were collected by a standardized 
method and investigated by an adapted microscopy technique. All data were statically tested 
by Pearson correlation coefficients, Student’s or Tukey’s t tests with 5% of significance. A 
significant higher contamination of beach sands by geohelminths larvae (p<0,001) occurred 
where combination of anthropogenic factors (improper sewage and sanitation, and the 
presence of dogs) with increased relative humidity (60 to 85%) and higher temperatures (23 
to 28o C) at the height sites (> 2 meters) in relation to sea surface. Larvae of Strongyloides 
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stercoralis were more frequent in the beach sands contaminated by improper sanitation and 
sewage (33%; p < 0.01) and Ancylostoma spp. were more frequent in the beach sand with the 
presence of dogs (38%; p <0.01). Beach contamination by geohelminths’ larvae increases 
when a combination of factors occurs such as improper handling of waste, inadequate sewage 
disposal and the presence of dogs in the highest sites of the shoreline. 
Keywords: Ancylostomiasis, helminthes, environmental health, veterinary parasitolog 
 
RESUMO 
Saneamento básico ineficiente é um elemento essencial na transmissão de geohelmintíases 
devido à presença de fezes contaminadas com parasitas no ambiente da praia. O objetivo deste 
trabalho foi confirmar a contaminação da areia da praia por geohelmintos e construir cenários 
geoespaciais para quantificar o risco de contaminação por larvas de geohelmintos. Amostras 
de areia (n = 162) foram coletadas por método padronizado e investigadas por técnica de 
microscopia adaptada. Todos os dados foram analisados pelos coeficientes de correlação de 
Pearson, teste t de Student ou Tukey, com 5% de significância. A maior contaminação das 
praias pelas larvas (p <0,001) ocorreu quando houve a combinação de fatores antropogênicos 
(esgotamento sanitário e presença de cães), alta umidade relativa do ar (60 a 85%) e 
temperaturas mais quentes (23 a 28o C) em maior altura (> 2 metros) em relação à superfície 
do mar. Larvas de Strongyloides stercoralis foram mais frequentes nas areias de praia 
contaminadas por saneamento inadequado e disposição inadequada de esgoto (33%; p < 0.01) 
e Ancylostoma spp. nas praias com maior presença de cães (38%; p <0.01). A contaminação 
da praia por larvas de geohelmintos aumenta quando ocorre uma combinação de fatores, como 
o manuseio inadequado de lixo e rede de esgoto inadequada e a presença de cães nos locais 
mais altos da praia. 
Palavras-chave: Ancilostomíase, helmintos, saúde ambiental, parasitologia veterinária. 
 
1 INTRODUCTION 
Sand is recognized by the World Health Organization (WHO) as a vector of several 
infections (Pereira et al., 2013) and plays an important role in highly density tropical and 
subtropical recreational areas, such as the beaches and seashores in South America. The 
contamination of beach sand with several pathogens (Solo-Gabriele et al., 2016) can be 
considered a risk for the bathers health and may cause diseases, including the soil-transmitted 
helminthiasis (Pullan et al., 2014), as these parasites need pass through soil to complete their 
life cycle, which configure an opportunity to invade the hosts.  
Ilhéus is a coastal city of South Bahia, Brazil, with an estimated population of 
182,350 inhabitants (IBGE, 2016). It is attractive comprising the natural beauty of rivers and 
the seashore beyond cocoa agriculture. Unfortunately, humans and pets are exposed to the risk 
of environmental contamination because there are no warning signs, posters, or any other type 
of information referring to bath conditions in the region. Despite the efforts of the state 
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environmental regulatory agency (INEMA, 2016) to inform the health safety  conditions to 
the bathers, there has been a lack of transparency in the legislation and the awareness on caring 
for the presence of animals on the beaches and estuaries at Ilhéus, Bahia. 
In a previous study, the presence or absence of the larvae of geohelminths on sand 
were seen to be dependent on important anthropogenic actions, such as improvised sanitation 
and the presence of animals on the beaches of Ilhéus (Silva et al., 2017). Aside from this, 
contaminated public environments represent risk to zoonotic intestinal nematode infections in 
dogs (Deplazes et al., 2011).  
Thus, there should be a sense of social responsibility in eliminating pet feces in public 
spaces through continuous and educational control programs, especially for young dogs, in 
order to reduce fecal contamination and minimize the risk of infection to humans and other 
animals, as observed in developed countries such as Australia (Traversa et al., 2014). 
The main objective of this paper was to confirm soil contamination by the larvae of 
geohelminths and to compose geospatial scenarios to facilitate an understanding of the 
combination of the factors that are leading to health risk and the subsidized public policies that 
aim to reduce the contamination by larvae of geohelminths found in the studied areas. 
 
2 MATERIAL AND METHODS 
• Area of Study 
The area of study (whose total area is approximately 5 km2) considered the beaches 
most frequented by bathers and residents of the urban area of the Pontal Bay of Ilhéus, Bahia, 
including the shore line of Cristo, Morro do Pernambuco, Me Ache, and Milionários (latitude 
range: −14.807503 to −14.888094; longitude range: −39.029214 to −39.024871). The 
definition of the collection areas took into account the hydrographics and larger dry sand strand 
and easier access on foot.  
  
• Collection, Processing, and Analysis of Beach Sand Samples 
Climate information and low-tide tables were available by official forecast and the 
feasibility of access to the estuary and beach areas were consulted before each soil sample 
collection. The work was carried out during ten consecutive months (2015–2016), without any 
rainy days, on Saturdays, Tuesdays, or Wednesdays, from 8:00 a.m. to 1:00 p.m. Each site for 
sample collection was previously selected by convenience and at random during the 
spring/summer and autumn/winter seasons. The collected material was packed in plastic bags 
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and processed following the methodology described by Cáceres et al. (2004). Briefly, amounts 
of nearly 500g of each soil sample were randomly collected in the occupied areas of beaches. 
Each field was divided into two subareas, where each subarea was randomly marked for 
sediment removal from six distinct points; in each point, harvests up to 20cm deep were 
performed by using an auger to allow a greater degree of precision and global positioning data 
was registered in an appropriated device (Etrex10 Garmin®). Each subarea generated 
composite samples with 500g of total weight. The samples were sent to the Laboratory of 
Parasitology at the State University of Santa Cruz (UESC), and they were weighed and 
processed according to the adapted Rugai’s method (Carvalho et al., 2005). An amount of 100g 
of the blended composite samples in the gauze grooves were immersed in a sedimentation cup 
that contained water at 45ºC. The modification of the method resided in the fact that the 
material was left to stand for 24 hours, followed by further centrifugation at 2000 g for ten 
minutes in 15 mL conical plastic tubes to favor a greater concentration of the larvae of 
geohelminths. Then, the supernatant was discarded and at least five slides were prepared with 
Lugol staining per sample, until the pellet was finished, and analysed by three independent 
experienced examiners under an optical microscope with an objective lens at 4x, 10x, or 25x, 
when necessary. The counting of the larvae was adjusted by the weight of each sand sample 
collected, and then calculated and expressed as the number of larvae.kg−1.  
 
• Differentiation of the larvae of geohelminths 
It was considered as morphological criteria - the proportion of buccal vestibule, 
esophagus size, the presence or absence of genital primordia, and the sheath and tail-end of 
each larva - used to differentiate the rhabditiform and the filariform larvae from Strongyloides 
stercoralis, Ancylostoma spp. and the environment larvae as displayed in an atlas, according 
to and previously published by Leite (2005). 
 
• Assessment of Anthropogenic Impacts 
In order to register and describe the preservation and ambience of the collection areas, 
several digital recordings (Sony® HDR-260V) were taken to derive a more detailed analysis 
of the aspects of habitats including their natural attributes, urbanization, occupation, etc. A 
non-structured questionnaire, composed of twelve questions, was used to observe and 
subjectively record anthropogenic impacts. It was filled during each scheduled collection day 
by each researcher in the field, who considered the qualitatively different aspects seen in each 
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collection area, such as the disposal of sewage, presence of pet and stray dogs, seashore 
degradation, presence of adults or children, garbage, preservation of estuary, vehicles flow, 
leisure activities, occupancy, habitation, and fishery. 
 
• Geospatial Analysis 
The collection areas were georeferenced using the Global Positioning System (GPS) 
by employing the GPS altimetry system Garmin® eTrex10 device. For the construction of the 
sketch of each locality, the official database of the Ilhéus shape files (IBGE, 2018) and the 
data of the collection areas (points) were transferred from the GPS to the computer and 
processed by the QGIS 2.14.3 for correction of the polygons in the sketch and adjustments 
were made to fit the differences among the territories. For spatial analysis as well as the 
identification of patterns of distribution and density of the points, the Kernel estimator was 
adopted, which is a non-parametric technique that promotes statistical smoothing, thus 
generating chromatic gradients with ‘hot spots’ as it concentrates the density of points in an 
area. The gradient level is controlled by choosing a parameter, which is known as bandwidth; 
this indicates the area that is to be considered in the calculation and should reflect the 
geographical scale of the hypothesis of interest. It used the interpolation between the 
dependent variable (presence of larvae) and the altimetry; the Kernel estimator was adopted 
for the climatic variables (climate, relative humidity, and others) and was capable of generating 
the chromatic gradients of intensity.  
 
• Statistical Analysis 
The significance of the data was evaluated according to the nature of the variables for 
non-parametric tests (association tests or contingency table) and parametric tests (Student’s or 
Tukey’s t-tests), with a significance of 5%. It was possible to test the correlation between the 
variables by using the tables of variance and covariance. The Pearson coefficients correlations 
between the quantitative variables were used to verify the correlation power (r2) and to 
calculate the t-value by maintaining a significance level of 5 %. In percentage data, the 
significance was assessed by the proportions test. After statistical analysis, the georeferenced 
points, lines, and polygons were imported from the QGIS for the production of representative 
scenarios used in the spatial analysis. 
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3 RESULTS  
• Characterization of the Location of Study 
In Figure 1, it is possible to precisely identify the location of the collection sites along 
the shorelines of Pontal Bay and the South Coast of the Ilhéus, South Bahia, Brazil. The A area 
corresponds to the initial portion of the Pontal Bay, which includes Cristo (−14.807503, 
−39.029214), the B area to Me Ache (from −14.806234, −39.023252 to −14.815559, 
−39.024355), and the C area covers the largest extension of the Milionários beach (from 
−14.818994, −39.024495 to −14.838094, −39.024871), respectively. These areas were further 
subdivided to generate a more precise identification of each of the collection sites. 
 
• Geohelminth’s Larvae in the Collection Sites 
Figure 2 shows the quantities of the larvae of geohelminths found in the different 
beaches of Ilhéus. A thematic map with the differences between the species (the grayish colour 
represents the larvae of Ancylostoma spp. and black represents the larvae of Strongyloides 
stercoralis). A total of 323 larvae was found in the 162 sand samples and they differ 
statistically according to the geohelminthes species (29.37 ± 31.86 kg−1 of sand; p < 0.001) in 
comparison to other environment larvae (n = 30) (3.33 ± 3.60 kg−1 of sand). The four sites 
with the highest contamination of the S. stercoralis larvae were the subareas of Me Ache (III–
VI) with count values of 64, 32, 16, and 12 kg−1 of sand, respectively. The five sites with the 
highest contamination of Ancylostoma spp. were: Me Ache III, VI; Milionários I; Me Ache VI; 
and do Cristo with quantities of 52, 25, 13, 12, and 11.kg−1 of sand, respectively (Figure 2). 
These sites were also the ones with the highest accumulated number of larvae (n = 310.0 ± 
23.6 kg−1 of sand; p < 0.001). In spite of other findings, such as the cysts and eggs of several 
parasites (not shown), a significantly higher prevalence of S. stercoralis (n = 173; 15.72 ± 
17.86 kg−1 of sand; p < 0.01) and Ancylostoma spp. (n = 150; 13.76 ± 14.0 kg−1 of sand; p < 
0.01) were seen among all samples collected in the area of the study. 
 
• Altimetry and Larvae Counts 
When the geospatial data were considered to compare the altimetry of the beaches, that 
is, considering the portion of sand distant from the sea surface height with the amount of larvae 
(Figure 3), it was possible to observe, in some sites, a significant (r2 = 0.87; p < 0.001; t = 
4.04) increase in the amount of larvae at points of higher (> 2 m) altimetry (Figures 3B and 
3C). In such sites of higher altimetry, lesser contact of sand with sea water was observed. In 
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the geospatial map, the altimetry can be noted by colour graduation as the higher the altimetry 
of each site and by its respective total number of the larvae of the geohelminths (S. stercoralis 
or Ancylostoma spp.).  
 
• Contribution of Different Factors at Collection Sites on the Larvae Counts 
The higher altimetry observed in the subareas of Me Ache III and IV was combined 
to higher relative humidity (darker semicircle in Figure 4) and increased temperature was 
registered when the collections were performed. On the other hand, lower altimetry was 
measured at Me Ache V, VI, and VII as well as at Milionários I and II (less than 2 meters), 
with similar values of relative humidity and temperature. The diameter of the spots were set 
to represent the quantities of S. stercoralis larvae at the Me Ache III and IV and also the 
quantities of Ancylostoma spp. at the Me Ache V, VI, and VII and at Milionários I and II. The 
data revealed a significant combination (p = 0.64; r2 = 0.41; t = 2.56) of altimetry with mild 
temperatures (23–25oC) and humidity (61–74%) as well as with the occurrence of S. 
stercoralis. Aside from low altimetry and higher temperatures (25–28o C) and humidity (74–
85%), the factors significantly combined (p = 0.66; r2 = 0.38; t = 2.34) with the occurrence of 
Ancylostoma spp. In addition, it is important to note that the presence of dogs (n=27) in the 
sand was more prominently correlated in the excerpts that had a higher frequency of the 
Ancylostoma spp. larvae in the soil samples as shown ahead.  
 
• Anthropogenic Impacts, Preservation, and Presence of Dogs in the Beach 
The stretch of Me Ache beach has experienced severe degradation and has developed 
an unpleasant ambience by the exposed edge of uneven, consolidated, and thickened 
occupation due to the use of residential and commercial areas, with direct access to the beach. 
Large inadequate sewage on the seashore (Figure 5) with improper discharge of garbage is 
common. 
Furthermore, the sum of the anthropogenic factors in the collection sites, mainly, the 
inadequate sanitation of areas with waste been disposed directly on the beach sand or the 
presence of open sewage (33%; p < 0.01), the presence of dogs (38%; p <0.01), and the high 
flow of people (46%; p < 0.001) in the Me Ache and Milionários beaches had been noticed. 
The anthropogenic impact on urban ambience was seen at new construction sites to restructure 
the sewage network in the area of greatest contamination by S. stercoralis larvae. Due to the 
New Pontal Bridge, the tidal containment area is being expanded to support a new outbound 
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highway.  
The stretch between Jorge Amado Airport and the beginning of the Milionários beach 
(the residential areas of Sítio São Paulo and Sítio Paraíso) is characterized by severe 
degradation and unpleasant ambience due to the exposure of the area to residences, hotel 
developments (small to medium size), clubs, which are cluttered with beach huts, with 
partially blocked access to the beach. The presence of several polluted water courses and 
domestic sewage can be observed in this section. It is observed that the main influence of 
human activity is, firstly, a result of the high flow of people and the scarce basic sanitation. 
The highest presence of people with pet dogs (n=27; 43%) was observed in this area. 
 
4 DISCUSSION 
The results presented confirm the previous observations (Cáceres et al., 2004; Silva 
et al., 2017) on the contamination of the beaches of Ilhéus, South Coast of Bahia, Brazil by 
geohelminths. In spite of the restrictively local scope of this article, the authors defend its 
contribution since the environmental impacts of the anthropogenic factors are of value to 
discuss the increase in the risk of geohelminthiases contamination of human and pets in the 
sandy beaches with similar conditions (Schlacher et al., 2016) presented herein. Central and 
South America, Africa, Pakistan, India, China, and Indonesia have been listed due to their 
worldwide prevalence of soil-transmitted helminthiasis among children, who require 
preventive chemotherapy according to WHO (2016). 
In a study by Hohlenwerger et al. (2011), geohelminths’ larvae were noted in 43 
samples (35.8%) from 19 sandy beaches in the city of Salvador, Bahia, using Ueno’s method 
(Ueno & Gonçalves, 1998). Whereas, Filho et al. (2011) obtained high positivity for protozoan 
cysts (62.5%), eggs (21.9%) and geohelminthes’ larvae S. stercoralis (15.6%) and 
Ancylostoma spp. (3.1%) in wet sand samples from beaches in Paraíba. Santiago et al. (2011) 
reported a prevalence of enteroparasites in 36 positive samples for Ancylostoma spp. and 
Ascaris sp. from the São Vicente beach, with high levels of contamination for Itararé (41%), 
followed by Gonzaguinha (25%), and Milionários beaches (10%).  
As there have been combined factors that increase the risk of soil-transmitted 
helminthiasis, public policies have been understood to have had an important role in the 
reduction of transmission risk. Stimulated civic responsibility in eliminating the feces of dogs 
from streets, parks, and squares should be carried out through continuous educational and 
control programs, especially for young dogs, thereby reducing fecal contamination and 
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minimizing the risk of infection to humans and other animals, as observed in developed 
countries, such as Australia (Traversa et al., 2014). 
We showed that the geography of the shoreline, combined with an unplanned 
occupation, has contributed to a significant anthropogenic impact on soil contamination; once 
combined with climatic variations, it turns sand beaches highly risky places for bathers. More 
precisely, it was possible to verify the combination of anthropogenic (unplanned occupation 
with improper sanitation, garbage, and sewage disposal for S. stercoralis and the presence of 
dogs for Ancylostoma spp. larvae), environmental (higher temperature and relative humidity 
during the hot season), and geographic factors (higher altimetry and the range of wave run-
up), thus increasing the risk of soil-transmitted helminthiasis. 
Beyond different terminologies between tidal marine systems zones, the interface 
between beach sand and water includes the wave run-up that reaches the wet sand, and 
depending on the geography of the backshore, occasionally the dry sand (Whitman et al., 2014). 
This has been accepted as the mean surface water elevation for marine systems, which tends 
to vary with the tidal regime. In the present study, the altimetry of the collection sites seems 
to be relevant for the counts of larvae as more elevated sites have had significantly higher 
larvae counts. The species of larvae tend to have different prevalence as the S. stercoralis 
larvae were more frequently present in the elevated sites that had improper means of disposal 
of waste and domestic sewage directly flowing into the sand. A higher quantity of Ancylostoma 
spp. was observed in the beaches with a planer surface, where a higher flow of people and pets 
were seen.  
Preventing initial contamination is the most important part in minimizing human 
infections of animal origin, taking into account that there are no practical methods available 
to reduce the environmental contamination of sand beaches. Traversa and colleagues (2014) 
have discussed the epidemiological importance of fecal pollution in urban settings in relation 
to the intestinal parasites of dogs in terms of human and animal health; they have proposed 
integrated approaches to minimize the risk of infection. Thus, contaminated public 
environments represent aggravations for zoonotic intestinal nematodes of dogs (Deplazes et 
al., 2011).  
The proposition needs strategies that enroll municipal public polices (beyond the health 
sector) in an effort to make them more effective and sustainable at Ilhéus. This goal will 
require the development of a continuous educational and control polices to increase the 
engagement of community-based leadership to awake of civic consciousness on the zoonotic 
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diseases prevention and a strategy to confront soil-transmitted infections based on four key 
points: (1) development of evidence-based prevention initiatives, (2) skilled-personnel, (3) 
accredited veterinary and public health facilities to create a public database and (4) 
improvement of the potential existing natural an urban resources to avoid beach contamination 
(Allotey et al., 2010; Batterman et al., 2009; Gebreyes et al., 2014; Reidpath et al., 2011). 
Although several authors have addressed the potential risk of fecal contaminated sand 
in causing intestinal diseases — but with a more relevant role for bacterial or viral aetiologies 
(Soller et al., 2010) — soil-transmitted helminthiasis affects more than 1.5 billion people 
worldwide (24 percent of the world’s population) (WHO, 2018).  
Efforts to reduce contamination of wastewater by chemical and/or biological methods 
can be considered as important resources to avoid the transmission of parasitic agents, such as 
geohelminth eggs, which survive in extreme conditions of water pollution and can originate 
infective larvae because of its persistence in the majority of the processes used in sewage 
treatment (Ben Ayed et al., 2009). 
Other than human-specific parasites, intestinal nematodes affecting dogs have a 
relevant health-risk impact for both animals and human beings. The importance of these 
pathogens is often minimized by veterinarians and the general public, although Toxocara 
canis, hookworms (i.e., Ancylostoma spp.) and whipworms (i.e., Trichuris vulpis) are the most 
relevant canine helminthes in terms of geographical distribution and clinical importance 
(Traversa, 2012). 
Review-based studies from various countries have demonstrated a high rate of soil and 
grass contamination with infective parasitic elements in leisure, recreational, public, and urban 
areas, i.e., parks, green areas, bicycle paths, city squares, playgrounds, sandpits, and beaches. 
In addition, Felsmann and colleagues (2017) also demonstrated that the contamination of 
public spaces varied with time. This fact, alongside the potential of geohelminths to survive 
in the soil for many years makes recreational areas very dangerous, even if contamination with 
invasive forms is only occasional. 
This paper brings as a contribution a systematized view that includes geospatial data 
on the prevalence of soil transmitted helminthiasis, from the perspective of the environmental 
health, and pointed out some proposals for the planning of public policies for its management. 
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5 CONCLUSIONS 
The anthropogenic factors associated or not, contributed to the contamination of the 
beaches by larvae of geohelminths in the studied areas, since there was greater contamination 
by the larvae of geohelminths in places where had been detected a combination of lack or 
improvisation of the domestic sewage disposal and accumulation of garbage, the presence of 
dogs, and the elevation of the backshore (greater than 2 m) in relation to the level of the sea 
and the range of the wave run-up; the proximity of the areas collected with some of the typical 
agglomerations of the commercial shacks on the beach having more people and the presence 
of dogs was also an important factor in soil contamination. 
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